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ABSTRACT
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FOREWORD

This document is Volume III, Program Acquisition Planning, of Lockheed
Propulsion Company's Final Report in response to the requirements of
National Aeronautics and Space Administration's Contract NAS 8- 28429,
Study of Solid Rocket Motors for a Space Shuttle Booster.

The Final Report is organized as follows:

Volume I

Volume II

Book I

Book 2

Book 3

Volume III

Volume IV

Executive Summary

Technical Report

Analysis and Design

Supporting Research and Technical

Cost Estimating Data

Program Acquisition Planning

Mass Properties Report

This volume includes the information of Data Requirement by MA-02, Item
16.3C. For clarity in reporting, the detailed program cost information is
presented in Volume II, Book 3.
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Lockheed Propulsion Company's objective from the outset of the Space
Shuttle Program has been to provide complete and conservative design and
cost parameters for an expendable Solid Rocket Motor (SRM) Booster Vehicle
for the Space Shuttle Program. With this approach, LPC has attempted to
identify the maximum technical and cost risks that could be encountered by
NASA in employing a solid rocket motor as the Space Shuttle Booster Vehicle.
Therefore, LPC believes that the baseline vehicle costs presented in this
report are distinctly conservative and will be reduced upon further definition
and detailed estimating. Two items, which LPC has not included and which
will affect a fixed-payload program cost, are escalation and profit, both of
which were directed in the Study Contract to be deleted from consideration.

As directed by NASA, LPC also attempted to determine "hard" versus "soft"
costs, and an \lpper band was established above the baseline for a "wdrst
condition." As a result of Lockheed's solid rocket motor experience, the
propulsion system costs are "hard" and, therefore, an upper limit of 2 per
cent on the SRM cost has been defined. LPC believes that the Stage costs
are "soft" and a 30-percent upper limit on the Stage cost was established.
With the SRM and Stage combined, a total of 10-percent upward variation
has been identified in the Booster Vehicle (WBS 3.3) Program costs. A
lower range has also been established, which identifies potential reductions
for thrust vector control, thrust termination, and recovery.

The Booster Vehicle selected as the baseline configuration is a parallel
burn (two-motor) 156-inch-diameter SRM vehicle sized for the large
(65,OOO-pound) Orbiter payload. The baseline program assumed for study
purposes includes a 5 -year (1973 - 1978) development/qualification program,
a 13 -year (1976 - 1988) production program, and an ll-year (1978 - 1988), .
440 vehicle launch program.

The development program includes 25 SRMs; 5 development motor tests,
4 PFR T motor tests, 2 inert booster vehicles (2 SRMs per vehicle) and 6
launches (1 unmanned and 5 manned flights with 2 SRMs per vehicle). All
25 motors in the development program will be fabricated in LPC's existing,
large-motor Potrero manufacturing facility. The development program
schedule was established at 5 years to minimize annual funding and could
be shortened by as much as 1 year without impacting the launch schedule.

The production program of 440 launches includes manufacture of 883 SRMs
(880 for launches and 3 for production facility start-up demonstration) and
440 sets of Stage hardware. Due to the nature of the solid rocket motor,
quality is ensured by the facility process controls in manufacturing. Thus
a three -motor test program is planned to demonstrate that the production
facilities will reproducibly deliver the SRMs qualified during development.
As directed in the Study Contract, all launches were considered to be from
Kennedy Space Center (KSC).

-ix-

LOCKHEED PROPULSION COMPANY



629-6
Vol III

Lockheed Propulsion Company, as prime contractor for the Booster Vehicle,
would utilize all of the industry production capability before additional facility
expansion. LPC would subcontract to at least two other SRM manufacturers
for a portion of the production motors. Additionally, all components would
be considered for dual procurement to ensure a redundant capability for
Booster Vehicle delivery. This LPC plan provides Booster Vehicle procure
ment at a very low risk to NASA in the event of a labor, facility, or material
problem at any time during the program. This approach also results in a
relatively low facility expansion cost ($25.7 million) for the production pro
gram and avoids the building of a brand new facility, which would cost
approximately $ 70 million.

The three production facility start-up demonstration tests are considered
adequate by LPC to qualify the three production facilities (LPC and two others)
for the baseline costing effort. It was considered that NASA might desire
additional testing to qualify the new subcontractors (llsecond sources II) and,
therefore, nine motor tests were included in establishing the upper limit 2
percent variation in SRM costing. However, LPC recommends only three
tests and has used this in the baseline costing.

Previously, it has been stated that the baseline design is conservative. As
evidence of this, all metal structures have a minimum safety factor of 1.4.
This has naturally imposed an additional cost on materials, but LPC believes
that this should be maintained, thus guaranteeing the high reliability required
for a man -rated system. As a bonus feature, analysis indicates that the
motor chamber with this safety factor (wall thickness 0.460 inch) will with
stand water impact loads at 100 feet per second and at entrance angles up to
45 degrees. Although recovery/reuse is not considered in the baseline
costing, Lockheed's SRM design should therefore not require additional
strengthening (higher material costs) should recovery/reuse prove cost
effective for the Booster Vehicle.

As further evidence of a conservative design, the safety factor for all abla
tive insulation materials was established at 2.0. Once again, it is felt that
this should be maintained for man-rated reliability. In the areas of thrust
termination (TT) and thrust vector control (TVC), no firm requirement was
established by either the Phase B contractors or by the customer. LPC
assumed that the Booster Vehicle would require both TT and TVC, plus a
strenuous TVC duty cycle, which sized the system conservatively.

The baseline costs are .backed by firm vendor quotes on procured compo
nents and conservative labor estimates. Lockheed I s labor estimates were
prepared from a task definition or "ground-up" standpoint, based on pre
vious LPC large -motor experience, other LPC rocket motor programs,
and also on related industry experience on solid propellant rocket motors.
Nine full-scale, 156-inch-diameter demonstration motors have been test
fired to date, five by Lockheed Propuls ion Company. These tests are sum
marized in the following table.

-x-

LOCKHEED PROPULSION COMPANYI



629-6
Vol III

SUMMARY OF 156 -INCH LARGE SOLID ROCKET MOTOR TESTS

Test Data
Motor Des cription

Maximum Average
No. Date Des ignation Fabrication Thrust (lb) Thrust (lb)

l. 1964 May 156-3 LPC 0.95M 0.88M

2. Sep 156-4 LPC l.09M l.OOM

3. 1965 Feb 156-2C-l TCC 3.25M 2.97M

4. Dec 156 -1 TCC 1.47M 1.29M

5. Dec 156 -5 LPC 3. 11M 2.84M

6. 1966 Jan 156-6 LPC 1.03M 0.94M

7. Apr L-73 LPC 0.66M 0.60M

8. May 156 -7 TCC 0.39M 0.32M

9. May 156 -9 TCC 0.98M 0.88M

All of these motors, with thrust levels up to three million pounds, performed
within 2 per cent of their calculated parameters, and only one incident (involving
the los s of an exit cone in a moveable nozzle test by another contractor) was
experienced. This is a significant feat in that each of the nine motors was
a "one-of-a-kind" configuration and involved reuse of LPC-designed case
hardware as many as four times. Lockheed is proud of this 100 -percent
successful completion of its five 156 -inch motor tests, which were accom
plished under -budget on firm fixed price contracts (see USAF Testimonials
in Appendix A of the Cost Book).

As previous ly stated, the experience gained in these programs was applied
by all LPC branches in estimating the labor for the Booster Vehicle. In the
area of motor processing, the hands -on-hardware "first-unit" labor hours
for the baseline were estimated, and then a 90-percent labor improvement
or learning curve was applied. Comparison with both LPC experience and
other SRM industry experience indicates that this is conservative; in the
majority of previous programs, improvement curves in the middle to low
eighties have been experienced. For example, on the basis of two large
weapon systems, Minuteman and Poseidon, an improvement curve in the 80
to 85 -percent range should be achievable in the Booster Vehicle. For this
additional reason, LPC, employing a 90-percent ·c·urve, has estimated the
baseline configuration production costs in a conservative manner.

As another consideration in development of the costs, LPC began this study
on 13 January 1972 assuming that the Booster System (WBS 3.0) was to be
costed. On 2 February, LPC was notified that the SRM contractors were to
price at the Booster Vehicle level (WBS 3.3). While this was intended by
NASA to alleviate the SRM contractors I efforts in the short study time avail
able, it did turn out to add another variable, which is reflected as additional
conservatism in the LPC costs. Included in LPC's costs are some items
that could be interpreted as belonging under Booster Management (WBS 3.1),
System Engineering (WBS 3.2), or Booster System Support (WBS 3.5), which
may not be included in the cost estimates of the other study contractors.

-xi-
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The Booster Vehicle program costs (WBS 3.3) presented by LPC on 14 and
23 February 1972 were bas ed on the previous ly defined configuration and
costing asswnptions. The LPC baseline Booster Vehicle cost estimate
presented on these dates is swnmarized below.

Development
Production

Total Program
Cost/Launch

Recurring
Cost/Launch

Total
SRM Stage Booster Vehicle

$ 141.6M $ 48.2M $ 189.8M
2,545.7M 929.0M 3,474.7M

$2,687.3M $ 977 .2M $ 3,664.5M

$ 6.0M $ 2.2M $ 8.2M

$ 5.8M $ 2.0M $ 7.8M

The total program cost per launch is developed by dividing the total program
cost (3,664.5 million) by the total nwnber of manned launches (445). Although
cost per launch does not normally include amortization of DDT&E or non
recurring production items, LPC chose to attempt to display the total pro
gram liability that NASA could encounter in employing a solid rocket motor
Booster Vehicle. The standard way of displaying cost per launch is by using
the recurring unit cost, which, for LPC's baseline, is $ 7. 8M. Once again,
these program costs were developed early in the Study Program with the
objective of identifying the maximwn technical and cost risk that could be
encountered by NASA.

On 12 February, after the cut -off date for the 14 and 23 February presenta
tions, Lockheed began a second iteration of the program baseline configura
tion and cost. Labor and material were analyzed in more depth, more
definition was prepared to separate recurring from nonrecurring costs, and
the Operations portions of the SRM and Stage were separated into more iden
tifiable activities. This resulted in a redistribution of the baseline costs as
shown in the following two tables:

SRM Stage Operations Total

Development $ l3loOM $ 3 1. OM $ 27.8M $ 189.8M
Production k434."M 626.5M 544.3M 3,474.7M

~o~.'1

$2,434.9M $657.5M $572.1M $3,664.5M

Note that in both tables the previous ly shown total program costs have
remained unchanged but are redistributed by LPC for better understanding.

-xii-
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Recurring Total
Total Costs Cost/Launch Cost/Launch

Recurring SRM
production $2,242.8M $5.lM $5.lM

Recurring Stage
production 626.5M 1.4M 104M

Recurring
operations 544.3M 1.2M 1.2M

Nonre curring
production 61.lM 0 O.IM

Development l89.8M 0 Oo4M

Total $ 3,664.5M $7.7M(a) $8.2M

The next step in the second iteration of the baseline configuration and cost
was to review areas where cost might be overly conservative and could thus
be reduced. Since the hardware is a major portion of the SRM cost, addi
tional definition and breakdown of vendor component and material costs were
requested from the subcontract suppliers. In vehicle configuration, better
design definition was developed and rebids were prepared in some areas.
As an example, in January, prior to completion of the TVC system sizing,
quotes had to be obtained on the actuator. LPC requested bids on the actuator
used on the SI-C Vehicle, knowing that it would be more than adequate for the
job. The actuator requirement was found to be far less and was rebid at a
significantly lower cost. Safety factors of all hardware were maintained
and the material costs still reflect safety factors of 1. 4 on structures and
2.0 on ablative insulations.

The motor processing tasks and the improvement/learning curve were
reviewed in considerable depth. A steeper curve (86 percent) was selected
as realistic but still sufficiently conservative in comparison to other major
solid rocket motor programs and LPC's 156 -inch motor experience.
Assembly and support labor were also analyzed and some areas of redun
dancy between WBS paragraphs were identified and deleted. The analysis
of labor and material on the SRM has resulted in a lower unit cost pos ition
for the SRM baseline. These analyses have been time -consuming and,
although some areas of the Stage attachment hardware and Operations have
been reviewed and reduced, additional effort is being expended by Lockheed
toward further definition, analysis, and reduction.

To support a final report date of 15 March, a cut-off was made on 8 March
in the second costing iteration. The reduced program costs are shown in
the following table as "Baseline, Revis ion 1" and are compared by item to
the original baseline costs shown previous ly.

(a) As a minor note, the redistribution identified additional nonrecurring
production costs, resulting in a lower recurring cost per launch.

-xiii -
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Recurring SRM Production
Recurring Stage Production
Recurring Operations
Nonrecurring Production
Development

Total Cost/Launch

Recurring Cost/Launch

Baseline
Cost

$ 2,242. 8M
626.5M
544.3M

61.1M
189.8M

$3.664.5M

$ 8.2M

$ 7.7M

Reduction

$266.8M
155.7M

98.0M
o

3.7M

$524.2M

$ l.lM

$ l.lM

629-6
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Baseline
Revision 1

$1.976.0M
470.8M
446.3M

6LIM
186.1M

$3,140.3M

$ 7.1M

$ 6.6M

Each of the reductions shown in this table is dis cussed in the Addendum to
the cost book of the final report. The cost per launch, both recurring and
total, has been reduced by over a million dollars. Further analysis will
yield even more reductions in the areas of Stage and Operations. It is
believed by Lockheed that the SRM, however, will not yield further major
reductions without a change in either performance or hardware safety fac
tors, which is not recommended by LPC.

Therefore, the Baseline Revision 1 costs ($3,140.3B) are submitted as
Lockheed's formal position on the SRM Booster Vehicle (WBS 3.3).

The conclusions of the LPC study are:

(1)

(2)

(3 )

(4)

(5)

(6 )

The LPC 156-inch-diameter baseline design meets all the
technical requirements for the Booster Vehicle.

The baseline design appears to have the structural capability
to withstand recovery-load impacts should recovery/reuse
prove cost-effective for the Booster Vehicle.

The SRM Booster Vehicle, because of its demonstrated
technology, can be developed to meet all NASA schedule
requirements.

The Baseline Revision 1 costs are realistic and achievable
and are subject to further reduction.

The cost for development ($186.1M) of an expendable SRM
Booster Vehicle are les s than 4.0 per cent of the total Space
Shuttle Deve lopment budget ($ 5. 5B).

The Baseline Revision 1 SRM Booster Vehicle cost per
launch (recurring $ 6.6M, total $ 7.1M) is less expensive
than that of a liquid booster.

In summary, Lockheed believes that an SRM propulsion system can perform
the mission, can be easily developed in the time available, and will prove
to be a cost-effective booster vehicle for the Space Shuttle Program.

-xiv-
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Section 1

INTRODUCTION AND SUMMARY

In accordance with contractual re quirements, this volume presents the
Lockheed Propulsion Company (LPG) Program Acquisition Plan for Phases
C and D of the Large Solid Rocket Space Shuttle Booster Program. The dis
cus sion is organized according to the format presented in NASA publication
NHB 7121.2, "Phased Project Planning Guidelines" (August 1968). The
objective of this volume is to plan the Phase C (Design) and D (Development/
Operations) efforts that will allow refinement of the design, development, and
production programs, the launch operations, and the vehicle support require
ments for space shuttle vehicles propelled by solid rocket motors. To
undertake this effort, selected activities (sys tems/subsystems) are identified
for continued project engineering development; activities are supplemented
with a preliminary plan to effect their singular or collective implementation
in a final vehicle s ys tem.

1.1 PROGRAM SCOPE

The purpose of this acquisition plan is to present LPC I S approach for con
tinued program development and to emphasize qualitatively and quantitatively
those study areas that will either pace or evolve as sequential program deci
sion points. As a consequence of these plans, adequate basis for program
management decisions will be afforded. Thus, while risk and uncertainty
are recognized, the intent of this plan is to increase the probability of
achieving system performance within funding and schedule constraints. The
overriding goal of this plan is the eventual system/subsystem implementa
tion, with confidence, through understanding of program, phase, and task
objectives and requirements.

This volume is composed of sections that addres s the system relationship of
phased plans: Phase C plan for system/subsystem design studies and Phase
D plans for sys tem development/operation. The latter area is primarily
concerned with system manufacturing plans. The prepared phase plans do
not include advanced mission studies or supporting research and technology
plans. It is realized that concurrent efforts in these areas will benefit the
on-going program; this is especially true in the latter (SRT) area. Dis
cussion of the SRT topic is covered elsewhere (Volume I, Book 2) of this
report.

1- 1
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Structuring of individual phase project schedules is shown in Section 5. For
summary purposes, an integrated Phase C, D, and SR T program schedule is
presented in Figure 1-1. Herein, a visual appreciation of the interrelated
phase efforts with sequenced SRT study programs is afforded.

1.2 PROGRAM DIRECTION AND CONTROL

Lockheed Propulsion Company has established its design, development, and
production plans, described in subsequent sections of this volume, on the
basis of delivering, for the Space Shuttle Launch Program, a minimum cost/
maximum reliability, solid rocket motor booster assembly. As discussed
throughout this final report, LPC has designed an SRM using conservative
safety factors and proven state-of-the-art materials. Component manu
facturing methods, SRM processing procedures, test procedures and
methods, and management controls have been tested and proven on other
solid rocket motor systems.

As prime contractor for the booster vehicle system, LPC has established a
Phase C and D program as shown in Figure 1-2. Phase C, Design, and D,
Development, will be conducted at LPC I S Redlands and Potrero facilities in
Southern California.

During Phase D, Operations/Production, the most cost-effective plan for
delivery of SRMs will be implemented. This plan will include consideration
of launch site location and traffic (ETR versus WTR) , available capacities of
industry and supplier locations, and resultant transportation/logistic costs.
It is planned to expand LPC facilities to accommodate delivery of a substan
tial J?ortion of SRMs, but this decision will be affected by cos t and launch
site/traffic considerations. The total production requirements will be
satisfied by the most economical mix of LPC and industry facilities. All
components will be considered for dual procurement, ensuring redundant
capabilities in event of labor problems or some catas trophe (flood, fire) at
any supplier I s plant. Additionally, the consideration of redundant sources
ensures tight cos t competition to maximize the application of contract funds.

This approach to the satisfaction of production quantity deliveries results in
a low-risk, low-cost program and eliminates the high facility costs associ
ated with a single SRM contractor approach.

In Figure 1-2 are shown some of the major tasks LPC will conduct as the
booster vehicle prime contractor. All tasks shown on the left will be con
ducted at Redlands/Potrero, while those on the right are assigned to LPC
personnel at Kennedy Space Center (KSC). Under direction from NASA,
liaison will be maintained with the space shuttle integration contractor at KSC.
The Phase C design effort (see Section 2) will be conducted to create a firm
SRM booster design and to prepare plans for Phase D. LPC will conduct

1- 2
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Phase D to ensure efficient and reliable transition from DDT&E to produc
tion. During the DDT&E subphase, LPG will conduct the tasks related to
developing and providing a reliable booster vehicle meeting the space shuttle
program requirements. In the production subphase, LPG will (1) broaden
the base of material and component manufacturing sources and (2) expand its
Potrero SRM manufacturing capability. LPG will also be responsible for the
procurement of SRMs from two other existing industry sources to maintain
the required launch rate. Static tests of SRMs produced by these added
sources will be conducted to ensure that they have met the quality and
performance requirements established by LPG.

1-5
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Section 2

SRM PHASE C

The following sections describe the Booster Vehicle Phase C Design Program.
The general objective of this Phase C Plan is to develop engineering detail
for the several selected areas of study to permit generation of: (1) specific
designs and specifications; (2) manufacturing and testing methods; (3) plans
for long lead-time hardware components and materials: (4) practical system/
subsystem fabrication schedules; (5) refined management operational methods
that maximize cost-effectiveness and minimize program time schedules; and
(6) plans for implementation in Phase D.

The topical categories that will be included as a part of the Phase C effort
are presented in Table 2-1.

2.1 STUDY DESCRIPTION

Efforts planned under Phase C will involve the development and design
necessary to permit the transition of the Solid Rocket Motor Space Shuttle
Booster Vehicle from a defined design concept to the advanced development/
operation phase. Experimental and analytical investigations relative to the
study areas will be performed. Acquisition of detailed scientific data and
engineering designs will afford the evolution of hardware components/systems
from conceptual designs to prototype units. Through this action, project
designs and specifications will be established for implementation at the onset
of Phase D. In addition to this documentation, the following information will
be developed:

• Detailed (component-by-component, system-by-system)
definition of the boos te r vehicle s ys tern

• Engineering analyses of the integrated systems to ensure
compatibility (redundancy, when required) and establishment
of interface requirements

• Preliminary engineering designs for supporting systems and
identification of tooling, equipment, and facility requirements
for propellant manufacturing and motor test/evaluation

• A plan for backup subsystems, presently not identified,
inclusive of development effort required

2-1
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Table 2-1

PHASE C DESIGN CATEGORIES

BOOSTER DEFINITION

Systems Engineering

SRM Booster

Booster Vehicle

BOOSTER TRANSPORTATION CONCEPTS

Component(s) Safety Characterization

Packaging

Shipping

Storage

BOOSTER RECOVERY!REUSE

Recovery Concept Definition

Prototype Demonstration

Refurbishment Definition

BOOSTER ELECTROMECHANICAL INTERFACE

Thrust Vector Control

Electrical Power Systems

Checkout

Control Sequencing

Failure Detection

ENVIRONMENTAL ASPECTS - WASTE DISPOSAL

Raw Materials

Propellant

Solvents

BOOSTER- VEHICLE INTEGRATION

Booster Staging

Booster- Tank Integration

Booster- Tank- Vehicle Integration

Ground System Interface

System Integration

2-2

THRUST VECTOR CONTROL SYSTEM

Nozzle

Lockseal

Actuator

Hydraulics

Power Source

Controls

THRUST TERMINATION SYSTEM

Actuation (Explosive)

Configuration!Des ign

Propellant

Insulation

Ignition

INERT COMPONENTS

Booster Motor Case

Booster Motor Insulation

Booster Motor Liner

BOOSTER IGNITION SYSTEM

Configuration/Design

Propellant and Grain Design

Insulation

Nozzle

Initiator

PROPULSION

Propellant Proces sing

LOCKHEED PROPULSION COMPANYI
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• Program operational plans for development, manufacturing,
test, management, facilities, manpower, and documentation
requirements, aligned to long- term Phase C tasks and long
lead-time Phase D system/work modules

• Operation plans for assembly, checkout, launch, and related
services.

2.2 COST DRIVER ANALYSIS

Within the framework of the study efforts discussed above, analysis will be
conducted of all materials, components, and subsys terns to evaluate what
design changes most affect cost. From this, the booster system will be
examined to determine how the individual changes affect the system cost and
performance. Table 2- 2 presents three examples that are known to have
cost reduction potential. The arrows indicate the expected direction of the
costs of the individual side effects.

The schedule for Phase C is presented in Section 5.

2-3
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Table 2-2

COST DRIVER ANALYSIS

SRM Component Potential Cost Driver

Motor case I Alternate steels versus
tD6AC

~ Reuse of cases

Possible Side EffeCts

t Heavier case/more propellant
required

~ Longer segments/lower
process costs

tLarger nozzle

t Increased steel characteriza
tion tes ting

Propellant

Nozzle ablatives

~ HTPB versus PBAN

~ Less erosion-resistant
materials

2-4

~ Improved performance/less
propellant required

t Increased proces s development

t Increased characterization
testing

~ Lower material costs

t
Higher safety margins/
greater thickness

t Higher development cos ts

LOCKHEED PROPULSION CDMPANVI
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Section 3

SRM PHASE D

The following sections describe the effort planned to conduct the SRM Phase
D effort. This includes the development and test of 25 DDT &E SRM motors
and production of 440 launch vehicles. Associated AGE hardware and booster
integration tasks are also included.

3.1 PROJECT ENGINEERING AND DEVELOPMENT

Lockheed Propulsion Company proposes a Booster Vehicle Program of 25
development motors and production of 440 launch vehicles, consigned as
shown on Table 3 -1. The objectives to be accomplished with each develop
ment SRM are discus sed in detail in Section 4. The general objectives of
the nonflight motors are as follows:

Development Phase

Development Test Motors

PFRT Motors

Inert Stages

Production Phase

Facility Start- Up Test
Motors

Verify SRM design and evaluate
the operation of subsystems,
such as TVC and TT

Prove the reproducibility of the
developed SRM design

Prove Space Shuttle/Booster
interfaces, booster vehicle struct
ural reliability, and KSC as sembly
and launch techniques

Provide for qualification of
additional SRM production facilities
by motor static tests

The rationale for the quantity of development test and PFRT motors is based
upon LPC's expectations of the development variations to be evaluated and
upon its prior large solid motor experience. It is not possible to get a true

3-1
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statistical reliability and/ or confidence assessment of the SRM with any
practical number of motor tests, but LPC experience has shown that unless
unusual environmental conditions (such as exist for tactical weapons systems)
are encountered, the quantity of motors proposed is sufficient, when proper
quality control is exercised at all levels of manufacture.

The development plan is based upon the experience gained by LPC on prior
programs as shown in Table 3 - 2.

3.2 MANUFACTURING PLAN (MATERIALS AND PROCESSES)

3.2.1 Integrated Booster Vehicle Development Flow Plan

The manner in which LPC proposes to control manufacture of the Develop
ment SRMs is shown in Figure 3 -1. The major component suppliers and
their relationship to the overall program are indicated. To ensure SRM
producibility and reliability, LPC will provide quality control and materials
process control to all significant suppliers even at the lower tiers of
contract level

3.2.2 Integrated SRM Production Flow Plan

Similar to the previous flow chart, Figure 3 -2 shows the relationship of the
major suppliers, LPC, and the KSC Launch Complex. LPC will be respon
sible for all aspects of the SRM booster components; for receipt, inspection,
and storage at KSC; and for the assembly and checkout of the booster vehicle.
In addition, LPC will supply engineering support at the launch complex to
maintain technical cognizance of the vehicle throughout the Space Shuttle
Flight Program.

The flow chart also shows how a recovery, refurbish, and reload operation
would be handled and integrated into vehicle production. LPC has not
detailed all of the handling assembly and integration operations at KSC, but
the listing below is considered typical of functions that will be accomplished.
LPC has assumed that existing equipment and buildings at KSC will be GFE.

3-3
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Operation

SRM segments and stage
components transportation

Segment initial storage/
receiving inspection

SRM environmental storage

Vehicle inert component
receiving/inspection/storage
and checkout

SRM segment/ closure
transfer to VAB

Vehicle assembly

Checkout

Transfer to launch pad

629-6
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Means

Rail/truck

Complex 40-41 SRM Facilities
or New Buildings at Complex 39

Complex 40-41 SRS Building or
New Building at Complex 39

Complex 40-41 MIS Building or
New Facilities at Complex 39

Clark Handler/Transporter

On new mobile launchers (ML)
in VAB

Semi-automatic

Crawler/transporter transfers
ML with booster/orbiter

3.2.3 Flow Diagram, 156-Inch-Diameter Motor Manufacture

Except for handling constraints related to size and weight, the processing
of the 156-inch SRM is similar to that of any other solid propellant rocket
motor. A flow diagram of the major SRM processing steps is shown in
Figure 3-3. Continuing quality assurance inspection and testing of propellant
samples are provided to ensure ballistics and structural acceptance.

3.2.4 SRM Process Schedule

SRM processing time spans for both development and production are shown
in Figure 3 -4. The lead time for manufacture of the required components
is significant. The case delivery is considered to be the most serious con
straint, requiring 15 months from supplier go-ahead to case delivery. Other
items such as the nozzle, TVC, and igniter also require significant, but less,
lead time. In development, the process time for LPC production of an SRM
is approximately 21/ 2 months. This is reduced to 11/2 months in production
as segments are processed in parallel rather than sequentially.
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3.2.5 SRM Propellant Flow Sheet

The PBAN propellant proposed for the Space Shuttle SRMs is very similar
to the LPC-580A formulation previously used by LPC in its large motor deve
lopment programs. The basic similicity of LPC-580A propellant is indicated
by the flow diagram of Figure 3 -5. Procedures are already available to des
cribe the raw materials handling and weighout, fuel slurry preparation, and
the final propellant mixing and casting, and need only minor updating for use
on this prog ram.

3.2.6 Component Fabrication

SRM case material and fabrication. The case material and manufacturing
methods selected for the baseline SRM approach have been proven in other
rocket motor programs. Table 3 -3 lists the selected baseline features to
gether with the rationale for this selection. The probable vendors for each
of the manufacturing steps are listed below:

Steel Mill
(Republic Steel)

Forge Vendor
(Ladish, Cudahy Wise)

Heat Treat Vendor
(J. W. Rex, Phil., Penn.)

Final Machining
(Rohr, Chula Vista, Ca.)

Hydrotest
(Rohr)

Mag Particle Inspection
( Rohr)

Fabricate 36,000-lb billets of n6AC
steel

Forge billets by ring - rolling.
Form cylinder segments by roll
forming the ring - rolled forging.
Form end closures by swaging ring
rolled forgings. Rough machine.

Quench and temper all components

Machine all joints.

1 cycle to 1150 psi for each
component

Entire component

SRM internal insulation. The materials and proces ses s elected for internal
insulation (Table 3-4) of the SRM are state-of-the-art, and have been used
for numerous production solid propellant rocket motors. The filled-NBR
stocks are available from several industry sources and no development
effort is required. Primers and adhesives to give reliable bonds to
propellants and SRM inert components are similarly available. Methods of
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manufacture for previous large solid motor programs included both pre
molding of insulation with secondary bonding in place, and layup and cure
directly in the case. LPC has chosen the latter method for the baseline SRM
because of its simplicity and reliability (no secondary bond joints).

SRM nozzle materials and processes. The nozzle for the SRM is perhaps
its most complex component, having structural, thermal, and ablative
requirements. The proposed materials and the subcomponent manufacturing
methods (Table 3-5) have all been used in previous SRMs. The ablative
plastics selected are all known to give reliable performance at reasonable
cost. The ablative/thermal nozzle components are basically tape-wrapped
parts that are hydroclave-cured at 1000 psi, except for the exit cone, which
can be cured in an autoclave at 300 psi. Process improvements that were
considered for future cost reduction include molding instead of tape-wrapping,
autoclave instead of hydroclave cure, and use of shrink tape with oven cure
instead of an autoclave or hydroclave cure. Another cost reduction consider
ation is the use of lower-cost ablatives that have undergone development
evaluation but have yet to be us ed on a production SRM.

SRM igniter materials and processes. The SRM pyrogen igniter as shown
in Figure 3-6 is in itself another solid rocket motor. Therefore, the same
materials and processes used for the 156-inch-diameter SRM were selected
for the igniter. A dual initiation system incorporating exploding bridgewire
initiators was selected because of its proven reliability, performance, and
safety.

3.3 GENERAL TESTING

3.3.1 SRM Motor Tests Development

The full- scale SRM static tests for the development phase listed in Table
3-6 will be conducted at the LPC Potrero Proving Ground (pPG), except
those tests that include active thrust termination or simulated abort operation.
These may be performed at the Air Force Rocket Propulsion Laboratory
facilities at Edwards Air Force Base, California, since the possible ejection
of debris during thrust termination makes this test location desirable.

In addition to the motor static tests, two inert booster assemblies will be
supplied for launch vehicle assembly (and structural) tests at KSC.

3 -14

LOCKHEED PROPULSION COMPANY



T
a
b

le
3

-5

S
R

M
N

O
Z

Z
L

E
M

A
T

E
R

IA
L

S
A

N
D

P
R

O
C

E
S

S

SR
M

N
O

ZZ
LE

M
AT

ER
IA

LS
AN

D
PR

O
CE

SS

I'" o n ;Ill I m m o 11 D o 11 C , i5 z n o ~ : z <

\..
V I . \J
1

~ l
:
/

'D
6A

C
ST

EE
L

ST
RU

CT
UR

AL
M

ET
AL

PA
RT

S

AB
LA

TI
VE

PL
AS

TI
C

TH
RO

AT

TH
RO

AT
D

IA
M

ET
ER

52
.3

IN
C

H
ES

e
EX

PA
N

SI
O

N
R

AT
IO

8.
3

W
HY

LO
W

R
IS

K
,

PR
O

VE
N

M
AT

ER
IA

LS

15
6

AN
D

26
0-

1
NC

H
SR

M
,

TI
TA

N
II

ID CA
RB

O
N

PH
EN

O
LI

C

S
IL

IC
A

PH
EN

O
LI

C

G
LA

SS
PH

EN
O

LI
C

LO
W

CO
ST

M
AT

ER
IA

LS

DE
VE

LO
PM

EN
T

TE
ST

S
O

NL
Y

C
AN

VA
S

PH
EN

O
LI

C

LO
W

PU
R

IT
Y

CA
RB

O
N

AD
D

IT
IO

N
AL

DE
VE

LO
PM

EN
T

SR
M

' s
RE

Q
UI

RE
D



15
6-

7
IG

N
IT

ER
D

ES
IG

N

F
ig

u
re

3
-6

S
R

M
Ig

n
it

e
r

M
a
te

ri
a
ls

a
n

d
P

ro
c
e
s
s

<
0'

o
N

...
..

-.
.0

H
I

~
O
'

"'-
--

""
'-N

O
Z

Z
LE

PE
LL

ET
BA

S
KE

T

SE
LE

CT
IO

N
R

AT
IO

N
AL

E

TI
TA

N
II

I,
15

6-
1

N.
SR

M

TI
TA

N
II

I,
M

IN
U

TE
M

EN
,

SR
M

TI
TA

N
II

I,
15

6-
1

N.
SR

M

TI
TA

N
II

I,
15

6-
IN

.
SR

M

PO
LA

R
IS

,
PO

SE
ID

O
N

,
S

P
R

IN
T

RE
DU

ND
AN

CY
,

SA
FE

TY

C
H

AM
BE

R IN
SU

LA
TI

O
N PR

O
PE

LL
AN

T

FE
AT

UR
E

HE
AD

EN
D

PY
RO

GE
N

D6
AC

CA
SE

N
BR

~N
SU

LA
TI

ON
.

PB
AN

PR
O

PE
LL

AN
T

D
U

AL
EB

W
IN

IT
IA

TO
R

S

HE
AD

EN
D

6 n ~ I m m a "0 11 a "0 C r II i5 z n a ~ ~ z <



T
a
b

le
3

-6

S
R

M
S

T
A

T
IC

M
O

T
O

R
D

E
V

E
L

O
P

M
E

N
T

T
E

S
T

S

SR
M

ST
AT

IC
M

O
TO

R
TE

ST
S,

DE
VE

LO
PM

EN
T

6 n ~ I m m D 11 D D 11 C I'" UI 6 z n D I ~ z <

V
J

I ..... -J

TY
PE

TE
ST

(1
2)

PR
IM

AR
Y

O
BJ

EC
TI

VE
S

SE
CO

ND
AR

Y
O

BJ
EC

TI
VE

S

DE
V

I
G
N
I
T
I
O
N
/
B
A
L
L
I
~
T
l
C
S
/
M
O
T
O
R

IN
TE

G
RI

TY
TE

ST
EQ

U
IP

M
EN

T
PE

RF
O

RM
AN

CE
/T

VC
ON

GR
OU

ND
PO

W
ER

DE
V

"T
VC

(F
LI

G
HT

PO
W

ER
I/B

AL
LI

ST
IC

S/
ST

R
U

C
TU

R
AL

LO
AD

S
IG

N
IT

IO
N

/T
E

S
T

EQ
UI

PM
EN

T/
AB

O
RT

SE
N

SO
R

/P
O

ST
FI

RE
T.

T.
PO

RT
AC

TU
AT

IO
N

DE
V

AB
O

RT
IT

HR
US

T
TE

R
M

IN
AT

IO
N

(N
O

TE
ll

ST
RU

CT
UR

AU
TH

ER
M

AL
LO

AD
S

DE
V

BA
LL

IS
TI

C
RE

FI
NE

M
EN

TS
/M

O
TO

R
IN

TE
G

RI
TY

TV
C

II
GN

IT
IO

N
DE

V
FI

N
AL

PL
AN

NE
D

CO
M

PO
NE

NT
CO

NF
IG

UR
AT

IO
N

TE
ST

S
EV

AL
UA

TE
(P

O
ST

TE
ST

B
A

S
IS

I
RE

CY
CL

E
C

AP
AB

IL
IT

Y
PR

E-
PF

RT
OF

HA
RD

W
AR

E
PF

RT
TV

C
/B

AL
LI

ST
IC

S/
SU

BS
YS

TE
M

PE
RF

O
RM

AN
CE

PF
RT

AB
O

RT
/T

HR
US

T
TE

RM
IN

kT
IO

N
(N

OT
E

31
PF

RT
TV

C
/B

AL
LI

ST
IC

S/
SU

BS
YS

TE
M

S
PF

RT
TV

C
/B

AL
LI

ST
IC

S/
SU

BS
YS

TE
M

S

NO
TE

S:
1.

M
O

TO
R

TE
M

PS
60

-
80

°F
RA

NG
E

2.
AL

L
TE

ST
S

CO
ND

UC
TE

D
AT

PP
G,

EX
CE

PT
AS

OT
HE

RW
IS

E
NO

TE
D

3.
EA

FB
-R

PL
12

0
IN

.
FA

C
IL

IT
Y

M
AX

BE
U

TI
LI

ZE
D

FO
R

TH
RU

ST
TE

R
M

IN
AT

IO
N

FI
R

IN
G

S
I

<
0'

o
tv

...
..

-.
0

...
...

I

::::
:0'



629-6
Vol III

The five development motor tests and four PFRT tests are considered
adequate to verify the SRM design. Coupled with a conservative design
approach and the use of proven materials and processes, they will provide
a sufficiently high reliability confidence level to proceed with the launch
program at KSC for both unmanned and manned orbital flights.

3.3.2 SRM Component Development Tests

All of the SRM booster materials and components will be thoroughly proven
before incorporation into the motor as sembly. Tables 3 -7 through 3 -11
outline the type of effort proposed for each component. Raw materials for
all items will be thoroughly tested and specifications will be prepared to
ensure quality and reproducibility of performance. Similarly, specifications
will be developed for the manufacture and acceptance testing of the finished
components.

Initial development testing of electrical systems will be performed with
breadboard models. Final testing will consist of system checkout on full
scale motor static tests.

Structural members of the booster stage will be proof-loaded after fabri
cation. Adequacy of design and manufacture will be verified on the inert
Ground Test Assemblies.

3.4 PRODUCTION

3.4.1 Facilities

Lockheed Propulsion Company examined several options (Table 3 -12) to
determine the optimum overall plant facility concept for SRM production.
The lowest total facility funding, least expenditure per year during the pro
duction startup, and overall flexibility of production and launch site needs
result from the expansion of the existing solid propellant industry as pre
sented in subsection 1. 2. Selection of the optimum approach is dependent not
only on facility costs, but also on production costs, other space and defense
requirements, and transportation costs. Later sections discuss some of
these tradeoffs.

Tables 3-13 through 3-16 are summaries of the SRM contractor and vendor
facilities required to meet the baseline production requirement~. The
vendor facility needs and associated costs are presented for reference,
although these costs are amortized in the cost of the specific raw material
or component. The SRM facilities are considered typical of those required.
The secondary sources selected will affect the actual items listed but the
costs are representative.

3-18
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3.4.2 Booster Stage Facilities Assembly and Launch

A detailed analysis of the SRM booster assembly and launch facilities must
be made in conjunction with those for the orbiter and its fuel tank. From a
knowledge of current operations at KSC, it appears that, with modifications
and approval to use, existing facilities will be adequate for handling SRM
assembly. LPC has identified the need for these facilities, and in preparing
its Cost Data, Volume II, has assumed these will be supplied as GFE or are
included in WBS 3.4. Table 3 -17 summarizes some of the major KSC
facility items.

3.4.3 Facility and Transportation Alternatives

Figure 3-7 shows a typical example of how the facilities and transportation
COl:lts (as a total) are affected by facility location, launch quantity, and
launch site.

The bases for this chart are:

(1) Facility costs for a new Florida plant (68M) versus facility costs
for arbitrary production of 50 percent at existing East Coast plants
and 50 percent at existing West Coast plants (26M).

(2) Reduction in total launch requirements from 445 to 220 after the
facility funds have been expended (1980).

(3) Change from 100-percent launch at KSC to a split between KSC and
VAFB.

Based on total cost of facilities and transportation, it is apparent that the
new-plant concept is least expensive for the maximum launch requirements
if all vehicles are launched at KSC. However, as the requirements vary from
this point in terms of reduced total quantity or the shifting of some launches
to the West Coast, the new plant concept becomes less attractive.

Figures 3-8 and 3-9 show how varying the aforementioned parameters affect
the annual funding requirements. The selected approach requires less
annual and total funding until well into the mid 1980s. Other variations can
be prepared with the same general results. These results confirm the pre
sented LPC position that a multiple SRM production source is most desirable
and efficient.
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3.5 PRODUCT ASSURANCE

3.5.1 Product Assurance and Reliability

The approach that LPC has taken to ensure that the booster vehicle conforms
to a "man-rated" level of performance is to design for high reliability using
high safety factors and to conduct sufficient testing at subcomponent and full
scale levels to demonstrate that the design goals are met.

Throughout the manufact'ure of the vehicle, various inspection techniques
will be used to ensure performance reliability. Dimensional inspection and
in-process inspection in terms of process times, temperature, and other
environmental conditions will be planned into the manufacturing instruction
system. In-process testing of material properties, such as propellant
viscosity, will be conducted in accordance with material specification
requirements. Vendor-supplied components will be subjected to the same
degree of quality assurance control as exercised on in-house manufacture
by LPC. Some of the specific test methods are shown in Table 3 - 18.

Design practices that contribute to the development of a man-rated vehicle
are shown in Table 3 -19. Reliability apportionment for the baseline 156
inch SRM is shown in Table 3-20, and for this parallel-burn booster stage
in Figure 3 -1 O.

Reliability and Safety Engineering are both concerned with the determination
of failure probabilities. The principal difference between the two disciplines
is the emphasis placed upon the consequence of failure. Reliability Engineer
ing concerns itself chiefly with the effect of failure on mission accomplish
ment, and Safety Engineering concerns itself primarily with the effect of
failure on the safety of personnel and equipment. Because of this similarity
between disciplines, safety analyses will be performed with the same techni
ques used in relaibility analyses. During the program, vehicle system
components will be evaluated by safety engineers and reliability engineers
to determine failure modes and probability of occurrence. Close integration
of Reliability and Safety will be ensured by the organizational structure and
also by the similarities in goals, procedures, and techniques of the two
disciplines.

The malfunction modes pos sible for the SRM have been examined and the
method of ensuring reliability and pos sible detection techniques have been
considered. The results of this study are shown in Table 3-21.

3.5.2 Safety

This subsection presents an approach to the System Safety Plan that LPC
will prepare for the booster system. The approach is submitted in res ponse

3-34
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Table 3-21

SRM MALFUNCTION MODES AND DETECTION METHODS

Malfunction Analys is of Mode Reliability Assurance Possible Detection Methods

I, Failure of motor Solid propellant will ignite I, Dual electrical circuits I. Breakwire across nozzle
to ignite readily when subjected to z. Dual initiators closure

a combination of heat and z. Preset pressure switchpressure for a reasonably 3. Sustained impulse to the motor igniter
to register acceptableshort time 4. Sustain burning of the igniter charge ignition pressure limit

5. Conservative design

z. Propellant grain A propellant grain crack l. Internal port is highest stress in the Pressure sensor to detect
crack exposes added surface grain and therefore easily inspected large motor overpressure

area for burning and pre- z. Motor is designed for very low grain
mature exposure of the
chambe r wall

stress

3. Motor case Additional burning surface I. Safety factor allows for very large Pressure sensor to detect
overpressure causes high operating increase in surface area without large motor overpressure

pressure failure

z. Surface area increase necessary to
overpressure the chamber is easily
detected before firing.

3. Grain stresses are reduced when
motor chamber pressurizes and
grain burns

4. Joint leakage Chamber joint leaks during I. Basic joint integrity will be proven Hot gas leak through O-ring
firing because of seal during hydrotest of segment seal can be detected by
failure z. Low-pressure leak check will be per- placing breakwire in groove

formed to ensure seal integrity before of case joint immediately

launch
adjacent (outside) of O-ring
groove

3. Joint insulation will be designed for
100% safety margin and demonstrated
during DDT&E

4. Proven design practice will be
applied to joint design

5. lnadve rtent Motor ignites because of I. High-energy initiation system avoids Thrust neutralization could
ignition stray electrical signal or stray energy problem be immediately established

thermal input z. Motor is sealed with a thermally by countdown preset

insulating closure in the nozzle

3. Case thickness and liner insulates
grain against accidental heat input
to motor case

6. Failure of thrust Thrust vector control sys- I. Redundant actuation systems are Sensor on cold-gas pressure
vector control tern failure causes un~ specified system and feedback position
system wanted vector or inope rable

Z. System failure will cause nozzle to
sensor on nozzle could

system return to null
identify TVC failure. Back-
up pressure system then re-

3. Conservative cold-gas design is used turns nozzle to null pos ition

7. Nozzle throat Nozzle throat is ej~ctedJ I. Conservative design is specified Thermocouple monitoring of
structural leading to low motor pres- Z. Proven processes and material are

the nozzle exterior at
failure sure, offset thrust vector.

used
selected areas could identify

and nozzle structural gross loss of throat/exit
failure 3. Very large changes in throat are 'Cone components or Lockseal

required to affect motor pressure malfunctioning

4. NOT ins pection of the nozzle will be
performed

8. Unbond of Unbond provides a path for I. Grain bond strength is very high rela- Thermocouple monitoring of
insulation or gases, which leads to un- tive to stresses through use of proven selected areas of motor ex-
grain planned heating of the materials and processes te rior could identify un·

chamber
Z. NOT inspection of all insulation bonds

acceptable internal insulation

will be performed
functioning

3. Visual inspection of grain bonds will
be performed

9. Unbond of Lockseal elements unbond I. Lockseal element is in compression See Item 8 above
Lockseal from reinforcements, during firing

causing leakage or fallure
Z. Lockseal will be subjected to benchof the seal

test before installation on nozzle to
ensure integrity of bonds

3. Lockseal element will be pressure-
tested before installation on motor

4. Unbond of Lockseal will not cause
failure

10. Inadvertent or Lack of proper function will I. Redundant electrical circuitry Breakwire system on
nonfunction of cause compromise of abort Z. High-energy initiation system

interior or exterior of
thrust neutrali- system or premature thrust each TT port
zation ports neutralization 3. Redundant initiators

4. Conservative design practice
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to paragraph 4.1.1 "System Safety Analysis", of the NASA Study Work
Statement. The System Safety Program Plan will:

• Present the system safety criteria, complete with definitions,
hazard categories, and a discussion of system safety procedure

• Define and summarize the system safety tasks, i. e., Hazard
Analysis reports, corrective action reports, reviews and audits,
and safety surveillance

• Define and explain system safety organization, authority,
responsibilities, and implementation required to complete the
s ys tem safety tas ks

The basic objective of this plan is to establish a sound approach to SRM
System Safety. The system safety objectives are to insure that:

• Safety consistent with mis sion requirements is designed into the
system.

• Hazards associated with each system, subsystem, and equipment
are identified and evaluated, and eliminated or controlled to an
acceptable level.

• Minimum risk is involved in the acceptance and use of new
materials and new production and testing techniques.

• The historical safety data generated on similar system programs
will be considered and used where appropriate.

The following document will be us ed as a guide in preparation of this plan:

OMSF SAFETY PROGRAM DIRECTIVE NO. lA "System Safety
Requirements for Manned Space Flight", dated December 1969.

To maximize the inherent safety of the SRM, the items listed below will be
accomplished during the design phase:

• Design for minimum hazard.

• Use redundant subsystems for ignition control and command, thrust
termination control and command, TVC actuation/valving, and
electrical control data sensing.

• Ensure careful selection of propellant system and pyrotechnic
materials for SRM and igniter assembly.
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• Select adequate safety factors, such as:

1.4 MEOP ultimate case strength

1. I MEOP proof test on case

2.0 on nozzle ablatives

2.0 on case insulation

2.0 on TVC pressure tanks, valves

2.5 on TVC plumbing

The basic System Safety tasks that will be addressed are defined in the
following paragraphs.

Gross Hazard Analysis. The Gross Hazard Analysis is a comprehensive,
qualitative, nonmathematical assessment of the safety features of the sub
system. Hazardous areas to be considered may include, but not be limited
to, the following:

• Isolation of energy sources

• Propellants: characteristics; hazard levels; handling,
storage, and transportation safety features

• System environmental constraints

• Explos ive devices and their hazard clas s ification

• Compatibility of materials

• Human factors

• Effect of transient current and radio-frequency energy

• Personnel training pertaining to safe operation and
maintenance of the system

The Gross Hazard Analysis will precede and serve as a basis for the
Hazard Analysis.

Hazard Analysis. The Hazard Analysis will determine, from a safety stand
point, the functional relationships of components and equipments compris ing
each subsystem. The analysis will identify all components and equipment in
which performance degradation or functional failure could result in hazardous
conditions. The analysis will include a determination of the modes of failure
and the effects on safety when failures occur in subsystem components.

3 -41

LOCKHEED PROPULSION COMPANY



629-6
Vol III

3.6 LOGISTICS

3.6.1 Booster Vehicle Logistics

Lockheed Propulsion Company has examined the logistics of the SRMbooster
at KSC, and has determined that all operations can be handled with safety
and within the turnaround launch schedule desired. After receiving inspec
tion, inert and live components will be stored separately in appropriate
areas. Assembly and checkout of major subsystems (such as TVC and
electrical controls) will be conducted off-line to reduce assembly time.
Figure 3 -11 shows the SRM Booster Vehicle flow plan at KSC.

On the basis that the Space Shuttle Vehicle will be assembled off-site and
transported to the launch pad on a GFE mobile launcher, a launch-to-Iaunch
time span of 12 days is proposed for the booster phase of the launch operation.
This schedule, Figure 3 -12, is cons istent with the following constraints:

(1) Booster buildup based on three 6- to 8-hour shifts per day,
7 days per week

(2) Three new GFE mobile launchers (ML); to replace existing
LUTS

(3) SRM buildup on ML in VAB high bays

(4) The VAB high bays utilized for SRM booster/orbiter assembly

(5) Two launch pads

(6) Parallel-burn type Shuttle Assembly

Numerous logistics and handling conditions existing for each option (Table
3 -22) are possible. Study will be required (in coordination with all systems
contractors) to evaluate the approaches and to determine the optimum
solution.

3.6.2 SRM Booster Logistics Spares

The spares listed in Table 3 -23 are the quantities required at the launch site
for replacement of damaged items and to facilitate their immediate availability
for launch assembly. No spares are included for the development program
because needed extra parts can be obtained by refurbishment of fired com
ponents. In addition to these spares, LPC has included a certain quantity
of spares for in-process replacements.
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Table 3- 23

SRM BOOSTER LOGISTICS SPARES

Item
No.

1

2

3

4

5

6

Description

Case

Center segments (center-perforated grains)

Aft end

Forward end

Aft segment (star grain)

Nozzle

Exit cone

Throat segment with Lockseal

Igniter

Initiators

Subigniters (Pyrogen)

Caselgrain subas sembly

Thrust Termination

Linear shaped charge

Detonator

TVC

Actuators

Power supply

Mis cellaneous

(Extra storage containers, seals, repair
glue, electrical connectors, pins, wire,
paint, etc)

3-46

Quantity

4

1

1

2

2

2

3

3

3

2

2

2

2
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3.6.3 Logistics Support Maintenance

Logistics Support Maintenance is a composite of the elements necessary to
ensure the effective and economical support of the SRM booster at all levels
of maintenance. These include such activities as Maintenance Planning,
Support and Test Equipment, Transportation and Handling, and Technical
Data.

Maintenance planning will establish concepts and requirements for each level
of equipment maintenance to be performed. It will define the actions to
maintain the designed system and equipment in its prescribed state of opera
tions, including checkout, servicing, status monitoring, inspection, fault
isolation, replacement, modification, and overhaul. The degree to which
these various functions are to be performed by organizational, intermediate,
or launch-site-Ievel maintenance will be specified.

Maintenance engineering analysis documentation will provide:

• Identification and des cription of tools, test equipment,
facilities, personnel, spares, repair parts, and technical
data

• Quantification of most maintenance support needs by time
and place

• Personnel requirements analysis by skill, type and number

• Facilities loading to establish adequacy and utilization

The support and test equipment program will ensure that the required
support and test equipment is available to the operating personnel, and
supporting maintenance will be supported by equipment identified or
developed concurrently with the prime system and equipment. Support
and test equipment will consist of tools, metrology and calibration equip
ment, monitoring and checkout equipment, maintenance stands and
handling devices, which are categorized into special (peculiar to the sys
tem under development) and common (commercially available or currently
available at the launch assembly/site).

A technical data program will be established to provide for the timely
development and distribution of technical data necessary to conduct opera
tions, training, maintenance, supply, modification, repair, and overhaul
of the systems and equipment to provide the link between personnel and
equipment. It includes drawings; operating, maintenance, and modifica
tion instructions; provis ioning and facilities information; spe cifications;
inspection, test, and calibration procedures; instruction cards and equip
ment placards; special purpose computer programs; and other forms of
audio/visual presentation required to guide people performing operations
and support tasks.
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Section 4

PROGRAM MANAGEMENT

A strong central program organization has been structured to manage the
Space Shuttle SRM Booster Vehicle efforts at LPG. Figure 4-1 shows the
relationship of the Program Office to the functional branches of the company.

To provide the desired degree of control, a dual approach to the organization
is utilized, structured vertically according to function and horizontally by
product line. This approach provides a direct, clear- cut line of authority
from the president of the company to the Booster Progr~m Manager and
makes available to the program office the resources of the entire functional
organization. Each functional branch contributes to the program tasks, with
the Program Manager providing direction and control. This approach
results in efficient use of manpower, improved performance, and lower costs
by providing flexibility in the allocation of company resources. It is being
used on all current LPG programs.

The proposed Booster Program organization is based on a minimum of pro
gram office personnel, with maximum use being made of the functional
organizations to perform tasks as a part of the team. A small staff function
will perform tasks associated with overall direction of the program, includ
ing technical, manufacturing, cost controls, schedule requirements, con
tract compliance, quality assurance, and advance planning. Specific tasks
are described in the following subsections.

Program plan. The Program Office will prepare and maintain a program
plan. This document will describe the required contractual scope of work
and define the implementation responsibilities of all LPG organizations. A
program master schedule will be prepared and maintained as part of the
program plan.

Additional program directives will be prepared and released to supplement
or revise the program plan as necessary. The plan will be updated
periodically to incorporate these releases.

Manufacturing operations. Program Management will provide direction to
the manufacturing organization and will monitor the processing of all pro
pulsion subsystems, associated components, and related tooling and
facilities. This activity will include a liaison function with major component
suppliers to ensure compliance with program require:ments and to implement
timely corrective action in the event of any indicated deviation.

The Program Office will direct preparation of master schedules and monitor
the functional branch organizations in developing detail schedules and pro
gramming commitments.
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Figure 4-1 Lockheed Propulsion Company Organization
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Technical compliance. The program technical organization will review
drawing releases, design changes, and supplier change proposals (SCPs) to
ensure that the configuration of all deliverable end items complies tech
nically with contract requirements. Technical cognizance will also be main
tained over all production facility qualification and lot acceptance testing of
propulsion subsystems and related components.

Program controls. Program controls will continually measure and evaluate
performance of program tasks against the established plan. The program
master schedule will be closely monitored to ensure that all milestone
objectives are adequately identified, programmed, and controlled. Line-of
balance reports will be maintained. Program budgets for functional organi
zations will be established and monitored. This activity will include approval
of detail program work orders (PWOs) for specific tasks within the work
scope of each organization.

Program Office personnel will prepare and maintain program management
review charts to track actual performance against planned objectives.

Configuration control. The Program Office will administer a configuration
control plan and will chair the Design Change Committee (DCC) in the coor
dination and programming of all design changes. Supplier requests for
instruction (SRls), other than those handled by the Material Review Board,
will be coordinated by the DCC under this chairmanship.

Data and correspondence. The Program Office will regularly review all
incoming customer correspondence and direct required response action.
Outgoing correspondence and all contractual reports will be reviewed and
approved to ensure the timely and cost-effective delivery of all contract
data items.

Contract changes. The Program Office will review all contract change
notices, direct all related implementation and cost proposal preparation
efforts, and participate in contract negotiations resulting therefrom.

4.1 TECHNICAL MANAGEMENT

Responsibility for direction of all design and development operations is
vested in the SRM Chief Project Engineer, who supports the SRM Program
Manager. A staff of senior project engineers will report to the SRM Chief
Engineer. They will direct the major individual subsystem designs and
development efforts.
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4.2 MANUFAC TURING

The manufacturing tasks will be performed by the Operations Branch, a
functional organization of the company. The SRM Manufacturing Manager
assigned to the program supports the Program Manager and his staff on pro
duction matters and is responsible for all program effort performed by his
functional support organizations. The Operations Branch tasks include
fabrication, processing, assembly, production planning, tooling, manufactur
ing engineering, industrial engineering, production control, procurement,
and material operations and controls.

4.3 PRODUCT ASSURANCE

The quality assurance and test operations functions will be performed by the
Product Assurance Branch, a functional organization of the company. The
Booster Product Assurance Manager provides support to the Program
Manager and is responsible for all SRM tasks performed by his functional
organization. The primary Product Assurance tasks include quality and
reliability engineering, supplier product assurance, inspection and non
destructive testing, and all product test operations including component tests
as well as full-scale motor tests at LPC's Potrero Proving Ground.

4.4 KSC OPERATIONS

An Operations Manager reporting to the LPC SRM Program Manager will be
located at KSC to perform SRM assembly operations and support the integra
tion of the SRM into the Space Shuttle Vehicle for launch operations. The
LPC KSC Operations Manager will direct the efforts of an integrated team of
engineers, technical specialists, test personnel, and manufacturing
specialists in performing all SRM and booster vehicle prelaunch operations
at KSC.

4.5 PROJECT REPORTING AND CONTROL

Phase C project planning includes the preparation and publication of the
following documents. Included within this effort are general program,
project, and motor hardware associated data packages. Initial format and
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content guidelines are assumed to be in conformance with NASA SP-70l3,
"NASA Publications Manual" (Technical Contractor Reports) and MIL-STD
100, "Engineering Drawing Practices" (Engineering Drawings). Typical
reporting is as shown below:

Project Technical Reporting

• Informal letter technical status reports (monthly)

• Technical Progress Reports (quarterly)

• Technical Report (final)

• Environmental Impact Statement

Project Fiscal Reporting

• Contract Fiscal Status (monthly)

Project Management Reporting

• Executive Summary (semiannual)

Project Planning Documents

• Detailed Phase D Acquisition Plan

• System/Subsystem Project Task Plans

• Project Management Plan

• Facilities Plan

• Special Test Equipment and Tooling Plan

• Manufacturing Plan (total project plan with detailed
major components/hardware plans)

• Ballistic Test Plan (integrated project plan with detailed
booster auxiliary motor test plans)

• Configuration Management Plan

• Logistics Supply and Maintenance Plan

• Quality Assurance and Reliability Plan (total project
summary with detailed system/subsystem and/or
hardware end item plans)

• Alternate Subsystems Development Plan
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In conformance with current LPC practice under Government contracts,
selected reviews are planned with NASA project personnel during the course
of Phases C and D. Planned reviews judged necessary to the program are
noted below:

• Executive Technical Summary Review (semiannual)

• Technical Reviews (as required) on specific
components/ subsystems

• Technical Interchange and Program Status Reviews (monthly)

• Production Status Review (monthly)

In addition to the above NASA reports and program reviews, a Preliminary
Design Review and Critical Design Review of the SRM Booster Vehicle will
be held at an appropriate program date.

Lockheed Propulsion Company also has a prescribed system of in-house
program and design reviews by management and technical specialists to
ensure that all objectives of the program are being attained.
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Section 5

SCHEDULES

Figure 5-1 depicts a preliminary planning schedule for the conduct of Phases
C and D. Phase C, Design, is planned as a 9-month effort. It is assumed
that a substantial Phase B, Definition, effort will precede the initiation of
Phase C.

Phase D, Development/Operations (including production for 440 launches)
would take approximately 15 years from initiation through the completion of
deliveries and operation support for the last flight.

The schedules shown are representative of a conservative approach to the
conduct of the program and could be termed middle-of-the-road. Certain
schedule economies can be instituted if shortened time spans are desirable,
or, conversely, a schedule stretch-out can be accommodated, both without
any significant change in cost.

Key dates after authority to proceed (ATP) are noted below:

Item

Complete Phase C

Phase D

SRM PDR

SRM CDR

Firs t unmanned flight

First manned flight

Fifth manned flight

Months after ATP

9

22

49

63

69

77

In summary, LPC is confident the NASA schedule requirements can be met.
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